Abstract Background This randomized double-blinded trial compared the effect of intravenous and perineural dexamethasone (8 mg) on the duration of motor block for ultrasound (US)-guided axillary brachial plexus block (AXB). Methods Patients undergoing upper limb surgery with US-guided AXB were randomly allocated to receive preservative-free dexamethasone (8 mg) via intravenous (n = 75) or perineural (n = 75) administration. The local anesthetic agent, 1% lidocaine -0.25% bupivacaine (30 mL) with epinephrine 5 lgÁmL -1 , was identical in all subjects. Operators and patients were blinded to the nature of the intravenous and perineural injectate. A blinded observer assessed the block success rate (i.e., a minimal sensorimotor composite score of 14 out of 16 points at 30 min), block onset time, as well as the presence of surgical anesthesia. Postoperatively, the blinded observer contacted all patients with successful blocks to record the duration of motor block (primary outcome), sensory block, and postoperative analgesia. Results No intergroup differences were observed in terms of success rate, surgical anesthesia, and block onset time. 
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Compared to intravenous administration, perineural dexamethasone provided longer mean (SD) durations for motor block [17.5 (4.6) 
Résumé
Contexte Cette étude randomisée à double insu portant sur le bloc axillaire du plexus brachial par échoguidage a comparé l'effet de la dexaméthasone (8 mg) administrée par voie intraveineuse ou périneurale sur la durée du bloc moteur. Méthode Des patients subissant une chirurgie des membres supérieurs sous un bloc axillaire du plexus brachial réalisé par échoguidage ont été randomisés à recevoir une dose de dexaméthasone (8 mg) sans agent de conservation par administration intraveineuse (n = 75) ou périneurale (n = 75). L'anesthésique local était identique pour tous les patients de l'étude, lidocaïne 1% et bupivacaïne -0,25% (30 mL) avec 5 lgÁmL Dexamethasone is a common adjuvant for interscalene, [1] [2] [3] [4] [5] supraclavicular, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] and axillary [17] [18] [19] brachial plexus blocks. However, the optimal method of administration remains unknown. In a recent multicentre trial comparing intravenous (IV) and perineural (PN) administration of dexamethasone for ultrasound (US)-guided infraclavicular block (n = 150), we showed that the PN modality provided longer sensorimotor block and analgesia. 20 Nevertheless, other trials have failed to detect significant differences between IV and PN dexamethasone. 5, 16, 21, 22 We speculated that these contradictory findings in the literature may stem from differences in the doses of dexamethasone and local anesthetic (LA) used as well as insufficient statistical power due to small sample sizes. In addition, different nerve blocks may respond differently to IV and PN dexamethasone. 20 Accordingly, we designed the current trial as a followup to our previous study which demonstrated prolonged sensorimotor blockade with PN dexamethasone for infraclavicular block. 20 In order to validate our previous findings, we sought again to compare IV and PN dexamethasone, by using a different (i.e., axillary) approach to the brachial plexus. We selected motor block duration as the primary outcome because the latter is arguably more objective than sensory blockade since analgesic and sensory duration can be influenced by concomitant pain medications and surgical trauma to small cutaneous nerves, respectively. We hypothesized that, compared to IV dosing, PN administration of dexamethasone would result in a longer motor block for patients undergoing US-guided axillary brachial plexus block (AXB). and fentanyl 0.6 lgÁkg -1 ) was administered to all subjects. Supplemental oxygen (nasal cannulae at 4 LÁmin -1 ) and pulse oximetry were applied throughout the procedure. All AXBs were performed by residents, fellows, or staff anesthesiologists. Operators were considered experts if they possessed a minimal experience of 60 US-guided AXBs. 23 The AXB was performed according to a previously described technique. [24] [25] [26] All patients received 1.0% lidocaine-0.25% bupivacaine (obtained by mixing equal parts of 2% lidocaine and 0.5% bupivacaine) with epinephrine 5 lgÁmL -1 . A SonoSite M-Turbo TM US machine (SonoSite Inc, Bothell, WA, USA) and a 6-13 MHz linear US probe were used in all subjects. We placed patients in a supine position with the shoulder abducted and the elbow flexed. The US probe was applied in the axilla in a sterile fashion in order to obtain a shortaxis view of the musculocutaneous nerve and axillary artery. A skin wheal was raised with 3 mL of 1% lidocaine. Subsequently, using an in-plane US technique and a lateralto-medial direction, a 22G 5-cm block needle (StimuQuik Ò ECHO; Arrow Ò International Inc, Reading, PA, USA) was advanced towards the musculocutaneous nerve, and 6 mL of the LA mixture were deposited around the latter. The needle was then advanced until its tip was positioned just dorsal to the axillary artery. Twenty four mL of LA were incrementally injected in this location. A ''silhouette sign'' -defined as blurring of the arterial wall due to the contiguity of anechoic blood and anechoic LA - [24] [25] [26] was sought to ensure proximity between artery and needle tip.
Methods
Patients were allocated to receive IV or PN dexamethasone (8 mg) using a computer-generated randomization sequence and sealed envelopes. All envelopes were kept secured by the study coordinators in the two centres and were opened in the anesthesia induction room only after the patient provided written consent for study participation. Randomization was carried out in blocks of 50 subjects at each of the two centres to ensure an equal distribution between groups.
In the PN group, 0.8 mL of preservative-free dexamethasone (10 mgÁmL -1 ) was administered with the LA and 0.8 mL of normal saline was injected intravenously. Conversely, in the IV group, 0.8 mL of normal saline was administered with the LA, and 0.8 mL of preservative-free dexamethasone (10 mgÁmL -1 ) was injected intravenously. An investigator not involved in clinical care prepared the study solutions in order to preserve blinding of patients and operators.
For both groups, the performance time was defined as the interval from US probe-patient contact to the end of LA injection through the block needle. The number of needle passes was also recorded, with the initial needle insertion counting as the first pass. Any subsequent advancement (preceded by a 1-cm retraction) counted as an additional pass. 27 Furthermore, procedural pain scores (0 = no pain; 10 = worst imaginable pain), unintentional vascular puncture, and (any) paresthesia were also recorded. An anesthesia assistant not otherwise involved in patient care recorded the performance time, while the attending anesthesiologist supervising the block, who was blinded to group assignment, assessed the number of passes, procedural pain, vascular puncture, and the occurrence of paresthesia.
After LA injection through the block needle, an observer blinded to group allocation measured brachial plexus blockade every five minutes until 30 min. Sensory block of the musculocutaneous, median, radial, and ulnar nerves was graded according to a three-point scale using a cold test: 0 = no block; 1 = analgesia (patient can feel touch but not cold sensation); 2 = anesthesia (patient cannot feel touch). 20, [24] [25] [26] The musculocutaneous, median, radial, and ulnar nerves were assessed on the lateral aspect of the forearm, the volar aspect of the thumb, the lateral aspect of the dorsum of the hand, and the volar aspect of the fifth finger, respectively. 20, [24] [25] [26] Motor block was also graded on a threepoint scale: 0 = no block; 1 = paresis; 2 = paralysis. 20, [24] [25] [26] The musculocutaneous, radial, median, and ulnar nerves were evaluated by elbow flexion, thumb abduction, thumb opposition, and thumb adduction, respectively. 20, [24] [25] [26] Overall, the maximal composite score was 16 points. We considered the AXB successful and the patient ready for surgery when a minimal composite score of 14 points was achieved -a definition and scale which have been used in previous studies. 20, [24] [25] [26] The onset time was defined as the time required to obtain 14 points. If the composite score was inferior to 14 points after 30 min, we considered the block to have failed and did not record an onset time for these subjects. After 30 min, all patients were transferred to the operating room for the start of surgery. The blinded observer recorded the presence of surgical anesthesia, which was defined as the ability to proceed with surgery without the need for IV narcotics, general anesthesia, rescue blocks, or LA infiltration by the surgeon. 20, [24] [25] [26] However, in case of anxiety (as voiced by patients or determined by the blinded treating anesthesiologists), subjects could receive an intraoperative infusion of propofol (25-80 lgÁkg
) provided response to verbal stimulus was maintained.
Postoperatively, patients with successful blocks (i.e., minimal composite score of 14 points at 30 min) were instructed to record the exact time they first regained movement of their fingers (i.e., duration of motor block) and sensation in their fingers (i.e., duration of sensory block) and experienced pain at the surgical site (i.e., analgesic duration). 20 We did not require movement or sensation of specific digits but only in those whose tips were not covered by the cast. The blinded observer contacted study subjects at 24 hr for data collection. In the event that patients could not be reached or their AXB had receded during sleep, we did not record any data for the duration of sensorimotor block or postoperative analgesia. However, the results for technical execution and presence of a successful block were retained for analysis (Fig. 1) .
One week after the surgery, a blinded observer contacted patients again to inquire about complications, including persistent numbness, paresthesia, and motor deficit.
Statistical analysis
In a preliminary pilot study (undertaken to provide information for subsequent sample size calculations), we found that PN dexamethasone (8 mg) provided a mean (SD) motor block duration of 934 (282) min for US-guided AXB. Based on these values, a 150-min (2.5-hr) difference, which we considered clinically significant, would represent an effect size of 0.53 and would require 57 patients per group for an alpha error of 0.05 and a beta error of 0.20 (Student's t test). As block duration can be calculated only for successful blocks and since we anticipated a 90% success rate with a 30-mL volume of LA, 26 127 subjects were needed to account for block failure. Furthermore, as the duration of motor block cannot be accurately measured if the AXB recedes during the patient's sleep (estimated to be approximately 15% of cases), 150 patients were enrolled to compensate for this potential dropout.
Statistical analysis was performed using SPSS Ò version 21 statistical software (IBM, Armonk, NY, USA). For continuous data, normality was first assessed with the Lilliefors test and then analyzed with the Student's t test. Data not normally distributed as well as ordinal data were analyzed with the Mann-Whitney U test. For categorical data, the Chi square or Fisher's exact test was used. The log-rank test was used to analyze the Kaplan-Meier plots for the duration of analgesia as well as sensory and motor blocks. All reported P values are two sided.
Results
The 150 subjects were recruited from January-May 2016 (Fig. 1) ; 100 patients were enrolled in Montreal and 50 were recruited in Chiang Mai. Patient demographic data are presented in Table 1 .
Technical execution (i.e., success rate, surgical anesthesia, performance time, onset time, number of needle passes, vascular puncture, paresthesia, and procedural pain) was similar between the two groups ( Table 2) (Fig. 2) . (Table 3) (Figs. 3, 4, 5) . Fig. 1 CONSORT diagram of patient flow through the study. Onset times could not be recorded for patients with minimal composite scores \ 14 points at 30 minutes. However, the performance time, number of needle passes, procedural pain, operator's experience level, adverse events (vascular puncture/paresthesia), and surgical anesthesia were recorded for these subjects. IV = intravenous; PN = perineural Patient follow-up at one week revealed no motor deficit. In the IV group, one subject reported residual digital paresthesiae, but all symptoms had spontaneously resolved by the one-month follow-up.
Discussion
In this randomized trial, we compared IV and PN dexamethasone for US-guided AXB. Our current results validate our previous findings 20 and again suggest that, compared to IV dosing, PN administration provides longer motor block, sensory block, and postoperative analgesia. The 4.0-4.7 hr increases in block duration/analgesia represent 23-38% increments in offset times and could offer substantial benefits for outpatient upper limb surgery. For example, this could translate into uninterrupted sleep for the patient compared with sudden awakening in the middle of the night because of pain.
Despite its widespread use, dexamethasone remains officially an off-label PN adjuvant. Although safety concerns have been voiced regarding possible toxicity, any potential corticosteroid-related neurotoxicity is likely due to preservatives (e.g., benzyl alcohol preservative, polyethylene glycol) or particulates in the preparation. 5 In this study, we intentionally used a preservative-free formulation of dexamethasone, as preliminary evidence suggests that the latter may protect against LA-induced neurotoxicity. 28 The optimal dose of PN dexamethasone remains unknown. 29 For interscalene and infraclavicular blocks, 4-5 mg of PN dexamethasone have been shown to provide a longer duration of sensorimotor block and/or analgesia than their IV counterparts. 4, 20 In contrast, all studies using 8-10 mg have found similar block durations for the two modalities. 5, 19, 21 Thus, we cannot rule out the possibility that higher dexamethasone doses could selectively favour the IV route thereby achieving parity with PN administration. Therefore, in the current trial, we erred on the side of caution and, by using 8 mg (and intentionally favouring the IV group), we sought to determine if the PN route truly outperforms IV administration. Our AXB technique deserves special mention. We only specifically targeted the musculocutaneous nerve; as the LA was injected dorsal to the axillary artery, blockade of the median, radial, and ulnar nerves was most likely achieved through LA diffusion. Some practitioners may prefer a more targeted perineural technique whereby the four terminal nerves are painstakingly identified and anesthetized. However, in a previous randomized trial, we have compared perivascular and perineural US-guided AXB and observed that, despite similar success rates and total anesthesia-related times, the perivascular technique provided greater ease of performance (i.e., shorter performance time and fewer needle passes). 24 Thus, in our practice, the perivascular method has become standard of care for performing US-guided AXB.
The lack of a control group also requires discussion. In our study, all patients received dexamethasone (IV or PN). We elected not to enroll a control group (i.e., IV and PN normal saline) because both Movafegh et al. 17 and Yaghoobi et al. 18 have previously demonstrated longer AXB duration with PN dexamethasone compared to normal saline. Therefore, we echo Rosenfeld et al.'s position, 5 which suggests that, in light of the cumulated evidence, 1,2,5-18 a normal saline control group is no longer required, and statistical power would be better served if all 
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Variables are presented as mean (standard deviation). CI = confidence interval; IV = intravenous; PN = perineural. All P values are calculated with Student's t test. Normality of the data for the duration of motor block, sensory block, and analgesia was assessed with Lilliefors test (P = 0.525, P = 0.683, P = 0.977, respectively) subjects were allocated to receive either IV or PN dexamethasone. Furthermore, as our clinical practice now includes routine dexamethasone, we feared that its omission solely for research purposes might have breached clinical equipoise.
Our study does present some limitations. First, the durations of sensorimotor block and postoperative analgesia inherently depended on patient recall; therefore, in order to minimize subjectivity, we selected motor block as the primary outcome. Furthermore, we discarded subjects whose blocks wore off during their sleep. Second, our findings are specific to the lidocaine-bupivacaine mixture employed. Further trials are required for other LA solutions. Finally, we did not record breakthrough opioid consumption because the trial was carried out in two different countries: we reasoned that different patterns of opioid prescription (and consumption) might have constituted a confounding variable. 20 Although opioids could influence the analgesic duration, they should have no impact on our primary outcome (duration of motor block).
In conclusion, compared with its IV counterpart, PN dexamethasone (8 mg) provides longer sensorimotor block and better postoperative analgesia for US-guided AXB.
